ARCTIC96BD-19 and SUP05 populations are also prevalent in non-sulfidic waters of the 1 ENP and ESP, suggesting alternative or amended modes of energy metabolism. Given the 2 likely importance of ARCTIC96BD-19 and SUP05 to carbon, nitrogen and sulfur cycling 3 in marine OMZs, and their largely unexplored metabolic capabilities, a deeper 4 understanding of both lineages is needed to constrain their respective ecological and 5 biogeochemical roles. 6
Saanich Inlet, British Columbia is a seasonally anoxic fjord characterized by an 7 annual cycle of stratification and deep water renewal (14) that is associated with large 8 water column redox gradients and high rates of trace gas production and consumption 9
( Fig. S1A-C) . Time resolved studies identified pelagic SUP05 as a dynamic and 10 numerically abundant denizen of the Saanich Inlet water column, representing up to 37% 11 of total bacteria (Table S2 ) (11). Closer examination of SUP05 SSU rRNA gene copy 12 number during onset and progression of seasonal stratification revealed blooming 13 populations below the oxycline, reaching up to 4.75x10 5 copies ml -1 in regions of H 2 S and 14 NO 3 -depletion (Fig. S2 ). Further high-resolution SSU rRNA gene surveys revealed two 15 SUP05 phylotypes, SI-1 and SI-2 ( Fig. 1A and 2A ), differing by ~4% nucleotide identity. 16
While SI-1 dominated suboxic waters throughout the year, SI-2 was less common, and 17 transiently increased during deep water renewal events, alluding to the presence of 18 ecologically differentiated populations ( Fig. 2A ). Given these observations we reasoned 19 that Saanich Inlet would provide a natural enrichment amenable to environmental 20 genomic (i.e. metagenomic) assembly and metabolic pathway reconstruction of pelagic 21 SUP05 populations. To this end, we analyzed sixteen bi-directionally end sequenced 22 S4). TA modules consist of a stable toxin and a labile antitoxin and are commonly 1 associated with environmental bacteria where they control induction of reversible cellular 2 stasis (29). Of specific interest is a TA module of the RelE superfamily identified within 3 an operon encoding molybdopterin-guanine dinucleotide synthase (mobA) (Fig. 4) . The 4 product of MobA, molybdopterin-guanine dinucleotide (MGD), is an essential cofactor 5 for all described classes of nitrate reductase (30) and therefore mobA expression is 6 integral to denitrification in pelagic SUP05 populations. Severe NO 3 -limitation could 7 limit mobA expression leading to co-repression of the embedded TA module. This would 8 result in activation of the RelE toxin, through degradation of the labile antitoxin, and 9 induction of cellular stasis (31). In this regard, the integration of a TA system into a 10 denitrification regulon may allow SUP05 to persist during periods of extreme NO 3 -11 limitation, analogous to other forms of nutritional stress response (e.g. amino acid 12 starvation in E. coli). 13
As the number of studies surveying OMZ community structure increases, the 14 ubiquity and abundance of the SUP05 lineage becomes ever more apparent. Analysis of 15 the SUP05 metagenome, and the water column disposition of pelagic SUP05 with respect 16 to H 2 S and NO 3 -gradients, resolves a chemolithoautotrophic metabolism based on 17 oxidation of reduced sulfur compounds with NO 3 -through multiple and highly regulated 18 bioenergetic routes. Paradoxically, as "dark" primary producers, blooming SUP05 19 populations have the potential to sequester large amounts of CO 2 GenBank, under the project accession ACSG00000000. The version described in this paper is the first version, ACSG01000000. SSU rRNA gene sequences were deposited at GenBank under the accession numbers GQ345343-GQ351265, and fosmid sequences were deposited under the accession numbers GQ351266 to GQ351269 and GQ369726. Inlet environmental DNA samples (see Fig S1) , clone libraries were constructed and sequenced 21 from pooled PCR products amplified using the bacterial-specific forward primer 27F (5'-22 AGAGTTTGATCCTGGCTCAG-3') and reverse primer 1391R (5'-23 GACGGGCGGTGWGTRCA-3') as described at http://jgi.doe.gov. Chimeric sequences, 24 identified using Bellerophon (3) and Mallard (4), were excluded from the sequence dataset. A 25 total of 5,753 partial bacterial SSU rRNA clones passed the quality and chimera check. SSU 1 rRNA gene sequences were aligned using the SILVA aligner (5), imported into an ARB database 2 (6) with the same alignment, and 1,067 SUP05 sequences were identified based on their position 3 in the SILVA reference tree. The 1,067 SUP05 sequences were extracted from ARB, realigned 4 with MUSCLE (7) and two sequence clusters (i.e. the SI-1 and SI-2 phylotypes) were defined 5 after assignment of sequences to operational taxonomic units (OTUs) by applying DOTUR (8) 6 analysis to an uncorrected distance matrix generated with dnadist (9). The frequency distribution 7 of SI-1 and SI-2 phylotypes across libraries was calculated by dividing phylotype abundance by 8 the total number of library clones. ARCTIC96-BD-19 clones were identified in a similar manner. 9
The phylogenetic tree ( Figure 1a ) was inferred from a manually refined MUSCLE alignment of 10 partial sequences by PHYML, using an HKY + 4Γ + I model of evolution and estimated values 11 for the α parameter of the Γ distribution, the proportion of invariable sites, and the 12 transition/transversion (10). The confidence of each node was determined by assembling a 13 consensus tree of 100 bootstrap replicates. mpo.gc.ca/sci/osap/projects/linepdata/default_e.htm) was used to construct a bacterial SSU 19 rRNA gene clone library that was then sequenced as previously described (1). In total, 170 20 nonchimeric sequences were generated and analyzed as describe above. 21
Fosmid library construction and sequencing. Sixteen fosmid libraries (7,680 clones/libraries) 1 were constructed from DNA samples collected from four depths during four cruises over the 2 2006-07 seasonal stratification cycle (see Fig. S1 ). Prior to cloning, ~5 µg of environmental 3 DNA was further purified on a CsCl density gradient as previously described (11). Fosmid 4 libraries were prepared using the CopyControl Fosmid Library Production Kit (Epicentre). 5
Briefly, ~1 µg of CsCl-purified DNA was blunt end repaired and separated on a 1% low melt 6 agarose pulse-field gel O/N at 6 V/cm. The 40-50 kb fragment range was excised and gel 7 purified using agarase, followed by concentration using an Amicon Ultracel 10K filter device. 8 DNA was ligated into the pCC1fos vector, packaged using the MaxPlax lambda packaging 9 extract, and used to transfect TransforMax EPI300 E. coli cells. Transfected cells were plated on 10 selective agar and fosmid clones picked using the Q-Pix robotic colony picker and grown in 11 selective media for DNA sequencing. Bidirectional end sequencing of fosmids was performed 12 with standard M13 -28 or -40 primers and the BigDye sequencing kit (Applied Biosystems). The 13 reactions were purified by a magnetic bead protocol and run on an ABI PRISM 3730 (Applied 14 Biosystems) capillary DNA sequencer (for research protocols, see http://jgi.doe.gov). 15 16 SUP05-focused assembly of fosmid end sequence data. All 243,264 fosmid end sequences (see 17   Table S1 ) were initially assembled with Phrap using parameters (minmatch 30 maxmatch 55 18 minscore 55 max_subclone_size 50000 revise_greedy vector_bound 20) reported in (12). Phrap-19 generated contigs were linked into "ambiguous" scaffolds (i.e. allowed contig overlap) with 20 Bambus (13), using the default settings, based on fosmid paired-end information. The initial 21 assembly was comprised of 31,766 scaffolds with a total length (excluding gaps) and span of 22 35.6 Mb and 85.2 Mb respectively, and included 192 scaffolds ≥ 5 kb in length. Of the 192 23 scaffolds, those that exhibited highest similarity to the genomes of either of two symbiont 1 reference species, Candidatus 'Ruthia magnifica' or Candidatus 'Vesicomyosocius okutanii', 2 upon a BLASTN search of the NCBI refseq database were flagged as potential SUP05 scaffolds 3 and targeted for further assembly as follows. Overlapping contigs within these ambiguous 4 scaffolds were identified in Sequencher using a 90% identity cut-off and 100 bp minimum 5 overlap. Those contigs that cross-assembled in the same order and orientation described by 6
Bambus were then reassembled using the miniassembly tool in consed (14) with the following 7 parameters: minscore 55 minmatch 30 forcelevel 10. Addition of the forcelevel parameter 8 decreases assembly stringency and permits assembly between polymorphic reads, leading to the 9 collapse of short non-polymorphic contigs into longer polymorphic scaffold. These next 10 generation contigs were then re-ordered and oriented into ambiguous scaffolds with Bambus and 11 the whole process was repeated until contig extension no longer occurred. Upon final scaffolding 12 of contigs, the untangle script included with Bambus was used to break ambiguous scaffold into 13 single linear scaffolds (i.e. disallowed contig overlap). In addition, the stringency of the final 14 assembly was increased by requiring a minimum of four read pairs to link contig into scaffolds. 15
The final assembly was comprised of 33,630 scaffolds with a total length (excluding gaps) and 16 span of 34.9 Mb and 38.8 Mb respectively, and included 86 scaffolds ≥ 5 kb in length (Figure 17 identity is questionable, they were removed prior to further analysis and the remaining scaffolds 2 are herein referred to as the SUP05 metagenome (Table 1 ). An automated phylogenetic approach 3 using Phylogenie (17) was used on a set of 76 typically conserved genes, to assess allelic 4 variation and to verify the absence of non-SUP05 scaffolds in the SUP05 metagenome (see 5   Table S2 ). th , the suboxic zone had narrowed to within ~150 and 165 m and sulfidic water was 12 detected at 185 m. SUP05 increased in abundance from a depth of 100 to 150 m and then 13 remained at ~ 2.5 x10 5 copies ml -1 through the suboxic zone and into the sulfidic waters below. 14 Although the absolute abundance of SUP05 decreased at 185 m from April 9 th to August 11 th , as 15 a proportion of the bacterial community SUP05 abundance increased from 20 to 30% of total 16 bacteria. On October 15 th , deep water renewal was underway and a large suboxic zone between 17 90 and 135 m was observed that was bracketed by oxygenated water above and below. H 2 S was 18 not detected at any depths, while NO 3 -was between 20-30 uM above and below the suboxic zone 19 and decreased rapidly within the suboxic zone, reaching the detection limit at 135 m. Overall, 20 SUP05 abundance was lower during deepwater renewal than during the earlier stages of 21 stratification however the SUP05 SSU rRNA gene sequences were still detected at all depths 22 below 100 m and ranged between ~ 3.0 x10 4 and 1.5 x10 5 copies ml -1 . The highest bacterial 23 abundance was observed within the suboxic zone during renewal (4 x10 6 copies ml -1 ), but SUP05 1 was only a minor component of this deep water fall bloom as it was consistently below 10% of 2 total detected bacteria. The abundance of SUP05 within water characterized by very little to no 3 O 2 situated above sulfidic water suggests reliance on reduced sulfur compounds for energy 4 conservation and also suggests the ability to do so anaerobically, most likely through the 5 reduction of NO 3 -, in support of previous findings (24). 6 7 Alignment of unassembled fosmid end reads to symbiont reference genomes. We 8 investigated the overall genome sequence conservation amongst the Saanich Inlet SUP05 9 populations and the symbiont reference genomes using fragment recruitment plots generated 10 using nucmer (25). Nucmer plots comparing Saanich Inlet metagenomic data to the R. magnifica 11 genome were constructed with the following parameters and cut-offs: breaklength = 1000, 12 maximum gap length = 200, and minimum match length = 10. Alignment of all the unassembled 13 fosmid end reads to the R. magnifica genome resulted in greater than 6000 reads (3% of total), 14 averaging 79% nucleotide identity, aligning to the reference genome ( T. crunogena has proved useful in comparative investigation of symbiont gene content (28), the 6 availability of metagenomic data from a pelagic member of the symbiont lineage allows for 7 further study of the differences between symbiont and pelagic members of SUP05. The largest 8 category of genes specific to the SUP05 metagenome were those involved in DNA replication 9 recombination and repair, and have likely been lost from symbionts as is typical for obligate 10 intracellular bacteria (29). Moreover, ribonucleotide biosynthesis in pelagic SUP05 can proceed 11 via the alpha and beta subunits of ribonucleotide reductase (nrdAB) that is conserved with the 12 symbionts. However, the SUP05 metagenome specifically encodes a second, oxygen sensitive 13 reductase (nrdD), further supporting the facultative or strict anaerobic lifestyle of the pelagic 14 SUP05 population in Saanich Inlet. Other genes involved in DNA metabolism specific to the 15 SUP05 metagenome include DNA internalization and competence genes as well as a Type II 16 secretion/type IV pilus system that may be involved in DNA uptake or perhaps protein secretion 17 or twitching motility (30). The SUP05 metagenome also has many genes involved in inorganic 18 ion transport and metabolism, reflecting the variable external environment of pelagic SUP05. 19
These include high and low affinity sulfate transporter, nitrate/nitrite transporters, TonB 20 dependent receptors, ferrous iron transport proteins, bacterioferritin, and alkylphosphonate 21 uptake proteins. 22
Recently, a comparative analysis of two symbiont genomes lead to the hypothetical 1 reconstruction of the last common symbiotic ancestor's (LCSA's) carbon and energy metabolism 2 (28). By in large, our analysis of the SUP05 metagenome supports the findings that LCSA had a 3 complex sulfur metabolism including both the Sox system and reverse DSR pathways of sulfur 4 compound oxidation, fixed CO 2 via the CBB cycle, and had the ability to respire nitrate 5 anaerobically via a membrane bound dissimilatory nitrate reductase. In addition, it was 6 previously determined that the larger R. magnifica genome had many genes involved in the 7 biosynthesis of polysaccharides and peptidoglycan that were not present in the slightly smaller V. 8 okutanii genome. Many of these genes were also absent from the SUP05 metagenome ( 
